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A próstata ventral (PV) de ratos apresenta um crescimento no  período perinatal que 
é atribuído a um pico de testosterona que ocorre logo após o nascimento. Nesta fase 
ocorre a ramificação e a canalização ductal, que envolvem proliferação e 
diferenciação epitelial, e sua projeção em direção ao estroma adjacente. Acredita-se 
que nesses sítios de "invasão" epitelial haja um rearranjo do estroma para acomodar 
o crescimento epitelial. Considerando-se o dinamismo dos diferentes componentes 
prostáticos na primeira semana de desenvolvimento, o objetivo deste trabalho foi 
caracterizar aspectos morfólogicos do epitélio em desenvolvimento e da interface 
epitélio-estroma e investigar a expressão e localização da atividades das gelatinases 
nesse período. Para isto foram empregadas análises morfológicas, 
imunocitoquímicas, de atividade gelatinolítica in situ e em zimografia. Foram 
detectadas a presença e a atividade das MMP-2 e MMP-9. A MMP-2 teve um 
declínio de quantidade, principalmente de sua forma ativa, com o decorrer dos dias 
analisados contudo a sua expressão nesse período foi mais alta que nos indivíduos 
adultos. Os cordões epiteliais em desenvolvimento mostraram forte atividade 
gelatinolítica in situ, que coincidiu  a marcação imunoistoquímica para MMP-2. 
Observou-se  aumento da complexidade da arquitetura histológica da PV. Os 
cordões se ramificaram e canalizaram. O processo de canalização foi associado à 
deleção de células por apoptose e à diferenciação das células epiteliais, assim como 
à secreção de compostos de natureza desconhecida. A diferenciação das células 
epiteliais incluiu a polarização do epitélio, formação de microvilosidades e de 
organelas de secreção na região apical, além da organização em camada única, nas 
regiões de canalização. Concomitante a esses processo, o estroma se organizou e 
ocorreu a diferenciação de células musculares lisas. Esses resultados sugerem o 
envolvimento  de proliferação celular e de projeção epitelial em direção ao estroma 








The rat ventral prostate (VP) shows an early postnatal growth period in response to 
a testosterone peak that takes place after birth. During this period the epithelial 
structures become branched and canalized, in a process involving proliferation of 
cells in the epithelium and its projection toward the adjacent stroma. At sites of 
epithelial “invasion” there is a rearrangement of the stroma to accommodate the 
growing epithelium. Given the dynamic of the prostate in this period, the aim of this 
work was to characterize morphological features of the developing epithelium and 
of the epithelium/stroma interface and to investigate the expression and localization 
of the gelatinolitic enzymes. Morphological and immunocytochemical (ICC) 
analysis, in situ zymography and gelatin zymography were employed. MMP-2 and 
MMP-9 activity was found in this period. The activity of MMP-2 showed a 
significant drop postnatally. Developing epithelial cords showed strong gelatinolytic 
activity. The localization of this activit y was similar to the distribution of MMP-2 
as determined by ICC. A increasingly  complexity of prostatic architeture was 
observed. The canalization process involved the deletion of cells, which 
accommodate the growing lumen. Structures were observed at the lumen with 
variable  eletrondensity  and unknown composition. Epithelial cells became 
polarized, presented microvilli and secretory organelles at  apical region, and were 
restricted to a single layer. Simultaneously, the stroma became organized and  
presented smooth muscle cells. These  results suggest the involvement of MMP-2 
and MMP-9 in the ductal branching process, epithelial proliferating and projection 













2.1. Desenvolvimento Prostático 
A próstata é uma glândula encontrada exclusivamente em mamíferos e que produz 
vários componentes do sêmen, tais como, proteínas (incluindo várias enzimas) frutose e 
íons zinco e citrato. Em camundongos ela produz várias proteínas importantes para a 
formação do “plug copulatório” (Cunha et al., 1987). A motivação para a investigação da 
regulação do crescimento e fisiologia prostática dá-se pela existência de várias 
complicações patológicas que afetam essa glândula, sendo que a próstata é sítio de vários 
tipos de inflamações e de alterações proliferativas benignas e malignas, que ocorrem 
principalmente com o envelhecimento (Men et al., 2001). 
O desenvolvimento da glândula prostática em roedores é iniciado no final da 
gestação, conforme os brotos prostáticos emergem do seio urogenital (“UGS”). Em 
contraste aos humanos, a glândula sofre extensiva ramificação e diferenciação celular 
durante o período pós-natal (Sugimura et al., 1994) sendo que seu desenvolvimento 
finaliza-se na maturidade sexual (Hamilton et al., 1959). 
 O “UGS”, subdivisão da cloaca embrionária, é estruturado por uma camada 
epitelial derivada do endoderma, envolvida por uma camada mesenquimal oriunda do 
mesoderma. Em camundongos, machos e fêmeas, o “UGS” surge 13 dias após a sua 
concepção (Hamilton et al., 1959; Marker et al., 2003). Entretanto, os “UGSs” de  ambos 
os sexos são indistinguíveis morfologicamente até apoximadamente 17,5 dias após a 
concepção, quando a morfogênese prostática se inicia, em um processo que depende do 
aparecimento do andrógeno circulante que é produzido pelos testículos fetais (Wilson et al., 
1981; Marker et al., 2003).  
O evento inicial da morfogênese prostática é o crescimento de brotos epiteliais 
sólidos oriundos do epitélio do “UGS” em direção ao mesênquima do seio urogenital 
(Aümuller et al., 1979). Esses cordões invadem o mesênquima como resultado de uma 
intensa atividade proliferativa (Sugimura et al., 1986a). Os passos subseqüentes são a 
morfogênese ductal, a canalização (surgimento do lúmen) e a citodiferenciação epitelial, 





perinatal transitório na concentração de testosterona (Corbier et al., 1995). Durante o 
desenvolvimento, as células epiteliais são caracterizadas por expressarem citoqueratinas 5, 
8, 14 e 18 e p63 (Wang et al.,2001) (Fig. 2) 
Em roedores, a maiorias dos cordões epiteliais prostáticos não são ramificados ao 
nascimento. Entretanto, no período perinatal, conforme esses cordões crescem invadindo o 
mesênquima do seio urogenital, eles começam  se bifurcar em ramos laterais e, finalmente, 
o processo de morfogênese da ramificação dos cordões epiteliais dá origem aos três 
diferentes pares de lóbulos prostáticos bilateralmente simétricos, que são denominados: 
próstata ventral (PV), próstata dorsolateral (PDL) e glândula de coagulação ou próstata 
anterior (GC ou PA) (Aümuller et al., 1979) (Fig. 1) 
 
 
Fig. 1. Esquema do trato urogenital  de rato macho ao nascimento. (PV) próstata ventral, (PDL) próstata 
lateral, (GC/PA) glândula de coagulação ou próstata anterior e (VS) vesícula seminal e (BU) bexiga urinária 
(modificado de Thomson et al., 2002). 
 
Tanto o epitélio do seio urogenital como os brotos prostáticos não apresentam 





seio urogenital e o mesênquima da próstata em formação apresentam grande quantidade 
destes receptores. Portanto o primeiro tecido alvo de andrógenos é o mesênquima do seio 
urogenital, que direciona o brotamento, ramificação e diferenciação epitelial por intermédio 
de fatores parácrinos. Por outro lado o epitélio em desenvolvimento induz a diferenciação e 
o padrão morfológico de desenvolvimento do músculo liso. Desse modo, essa interação 
entre epitélio e mesênquima/estroma é bidirecional (Cunha et al, 1987). Isto sugere que a 
ação dos andrógenos na morfogênese prostática deva ser indireta, atuando via mesênquima, 
uma vez que parte significativa do crescimento epitelial e da ramificação dos dutos, que é 
dependente do estímulo androgênico, ocorre na fase em que as células epiteliais não 
apresentam receptores para andrógenos funcionais (Donjacour & Cunha, 1988).  
Conforme os cordões epiteliais se canalizam o epitélio se reorganiza em duas 
populações celulares distintas: uma camada descontínua de células epiteliais basais ao 
longo da lâmina basal que expressam citoqueratinas 5 e 14 e p63,  e uma população de 
células luminais colunares altas que expressam citoqueratinas 8 e 18 (Hayward et al., 1996) 
(Fig. 2). 
Ao mesmo tempo em que as células epiteliais diferenciam-se, as células 
mesenquimais diferenciam-se em uma camada de célula muscular lisa que envolve as 
estruturas epiteliais, e passam a expressar desmina, miosina, laminina e α-actina de 
músculo liso (Hayward et al., 1996) (Fig. 2). 
 
Fig. 2. Diagrama de corte transversal de um ácinos prostático é mostrado (C) com setas indicando os tipos 







A estimulação por andrógenos é absolutamente necessária para o desenvolvimento 
da próstata, assim como para as demais estruturas sexuais masculinas (Cunha et al., 1987). 
A morfogênese prostática é dependente da produção de andrógenos pelos testículos do feto 
(Pointis et al., 1980), sendo que o desenvolvimento da próstata não é determinado pelo 
sexo genético, mas sim pela exposição aos andrógenos. Já foi demonstrado que o “UGS” de 
fêmea pode formar tecido prostático funcional, caso ele seja estimulado por andrógenos no 
período adequado (Takeda et al., 1986). 
Tem sido sugerida a participação de vários genes e famílias de genes no 
desenvolvimento prostático (Marker et al., 2003). Como por exemplo, os fatores de 
transcrição da família homeobox HOXA13 e HOXD13 (Podlasek et al., 1999), os fatores 
da família FGF (FGF-7 e -10) (Pu et al., 2004), a glicoproteína Sonic hedgehog (Shh), o 
receptor para Shh, patch (Ptc), os fatores de transcrição da família Gli (Gli-1, -2 e -3) e 
BMP-4 produzidos pelo estroma (Marker et al., 2003; Pu et al., 2004). A via de sinalização 
Shh-ptc-Gli é um exemplo dos eventos moleculares que controlam a ramificação epitelial e 
é esquematizada a seguir (Fig. 3). O Shh é expresso localmente em foco discreto pelas 
células (em vermelho) no centro das extremidades dos cordões epiteliais em crescimento. 
Quando essas células entram em contato com as células mesenquimais, que expressam 
Fgf10 (círculos verdes), o Shh secretado (b, seta vermelha) ativa o seu receptor Ptc nas 
células mesenquimais regulando negativamente a expressão de Fgf10 (b, perda do verde). 
A supressão local da expressão de Fgf 10 resulta em subdomínios laterais de alta expressão 
de Fgf10 adjacente ao foco de Shh, que por sua vez resultará em auto-ativação (c, seta 
verde) e proliferação das células epiteliais adjacentes. Em adição, o Shh secretado estimula 
a expressão de Bmp4 nas células mesenquimais imediatamente adjacentes ao foco de Shh, 
que suprime a proliferação celular na região central das extremidades dos cordões epiteliais 













Fig. 3. Representação esquemática da  via de sinalização Shh-ptc-Gli processo de ramificação ductal no  
desenvolvimento prostático. Modificado de Pu e colaboradores (2004). 
 
Várias similaridades no que diz respeito à ação de fatores de crescimento, foram 
encontradas entre o mecanismo de ramificação ductal prostático e a morfogênese de outros 
órgãos ramificados tais como glândula mamária, pulmão, rim e glândula salivar (Thomson, 
2001). 
O desenvolvimento e o funcionamento prostático também é modulado diretamente 
por hormônios somatotróficos (como insulina, prolactina e hormônio do crescimento), 





Prins et al., 2002; Garcia-Florez et al., 2005), o que torna bastante complexo o mecanismo 
da regulação da fisiologia prostática.  
Adicionalmente, está bem estabelecido que alguns dos andrógenos circulantes são 
convertidos em estrógeno em vários tecidos periféricos, através da enzima aromatase 
(Simpson et al., 1999). Interessantemente, a aromatase foi identificada na próstata humana, 
sugerindo um local de aromatização e uma possível fonte local de estrógeno (Tsugaya et 
al., 1996).  
A ação dos estrógenos na morfogênese ductal e diferenciação celular prostática 
ainda não está exatamente esclarecida. Entretanto a breve exposição de roedores a 
estrógreno durante o desenvolvimento neonatal provocou efeito irreversível e dose 
dependente na morfologia, organização celular e função prostática (Prins et al., 1992; Prins 
& Birch, 1995). Exposição a baixas doses de estrógeno durante a gestação em 
camundongos, provoca aumento do peso da próstata no adulto, nos níveis de receptor de 
andrógeno e também um aumento do brotamento epitelial (Nonneman et al., 1992).  
Se a dosagem do estrógeno na próstata é alta ocorre um “imprint” (fenótipo 
estrogenizado) permanente, que inclui reduzido crescimento prostático, anormalidades na 
diferenciação epitelial, alteração na função secretora e displasia associada à idade, 
semelhante à neoplasia intraepitelial prostática (NIP) (Prins, 1992; Prins et al., 2001a). 
Acredita-se que esse “imprint” causado pela ação estrogênica na próstata deva-se a 
alterações nas concentrações de andrógeno via inativação eixo hipotalâmico-hipofisiário-
gonadal ou a um efeito direto na próstata (Huang et al., 2004). Estudos realizados em 
cultura de próstata ventral (cultura de órgão) demonstraram que altas doses de estrógenos 
inibem o crescimento e diferenciação celular no desenvolvimento prostático in vitro 
(Jarred, et al 2000), sugerindo que isso possa ocorrer in vivo em adição aos efeitos indiretos 
via supressão do eixo hipotalâmico-hipófise-gonadal.  
O fenótipo estrogenizado na próstata é mediado principalmente por alteração na 
expressão dos receptores de estrógeno (ERs), entretanto, Pu e colaboradores (2004) 
demonstraram que o tratamento com altas doses de estrógeno altera a via de sinalização 
Shh-Ptc-Gli (Fig. 3) no processo de ramificação ductal, prejudicando a morfogênese dos 





Além disso, a expressão de vários receptores de esteróides, que mediam a ação dos 
esteróides no desenvolvimento da próstata é drasticamente alterada temporalmente e 
quantitativamente por estrógenos no período neonatal. O receptor de andrógeno (AR), 
destaca-se por ter sua expressão diminuída, enquanto o ERα, o receptor de progesterona 
(PR) e os receptores de ácido retinóico (RARa, RARh, e RXRa) têm sua expressão 
significantemente aumentada de maneira célula-específica (Prins & Birch, 1995, 1997; 
Prins et al., 1998, 2001a,b, 2002; Pu et al., 2003; Woodham et al., 2003) 
 Há também indicação clara que o aumento de estrógenos materno durante o terceiro 
trimestre de gestação tem um efeito direto na próstata humana, com marcada metaplasia 
escamosa no epitélio, que desaparece ao nascimento quando os níveis de estrógeno caem de 
forma abrupta (Zondek & Zondek, 1975). Foi demonstrado também que a exposição 
materna a níveis farmacológicos de dietilestilbestrol induz anormalidades prostáticas na 
prole humana (Driscoll & Taylor, 1980). Utilizando-se o rato como modelo, mostrou-se 
que as respostas são lóbulo-específicas, ocorrendo alta freqüência de displasia na próstata 
ventral (Prins et al., 1992; Prins & Birch, 1997). 
O desenvolvimento da próstata ventral no período pós-natal continua sendo 
dependente de andrógenos, já que em ratos castrados logo após o nascimento, o 
crescimento e desenvolvimento da glândula são inibidos durante a puberdade, sendo que a 
administração de testosterona pode reverter essa situação (Cunha et al., 1987; Corbier et 
al., 1995). 
Foi observada uma clara correlação entre os níveis séricos de testosterona e os 
eventos relacionados com o desenvolvimento pós-natal (Vilamaior et al, 2003). O início do 
crescimento prostático aparece na puberdade (exposição a níveis mais altos de andrógenos), 
onde existe um maior peso seco da próstata e no número de ramificações dos ductos 
(Sugimura et al. 1986b). Isso sugere que a próstata é mais sensível a baixos níveis de 
testosterona quando está se desenvolvendo. Já quando é exposta a maior concentração de 
andrógenos (período da puberdade), a próstata responde de uma maneira diferente da 
anterior, aumentando seu peso seco (Hayward & Cunha, 2000). 
No indivíduo adulto, a próstata é um órgão constituído de vários componentes 





estruturas epiteliais túbulo-alveolares, envolvidas por um estroma muscular contrátil não 
glandular (McNeal et al., 1988) (Fig.2).  
Na próstata ventral do rato adulto, cada lobo prostático consiste de oito conjuntos de 
dutos que se originam a partir da uretra como uma estrutura tubular simples que se ramifica 
distalmente. Esse conjunto de dutos é dividido em três regiões morfológica e 
funcionalmente distintas, denominadas: distal, intermediária e proximal, de acordo com sua 
posição em relação à uretra (Lee et al., 1990; Shabsigh et al., 1999). Foi evidenciada uma 
maior quantidade de fibroblastos e poucas células musculares lisas nas porções terminais 
dos dutos, associadas ao crescimento da população de células epiteliais. Um epitélio com 
grande atividade secretora na porção intermediária e circundado por uma camada contínua 
de células musculares lisas. Nas porções proximais há uma menor quantidade de 
fibroblastos e uma maior quantidade de células musculares lisas, associadas à morte celular. 
Isso traz a indicação que os arranjos assumidos pelas células estromais podem estar 
relacionados com o fenótipo das células epiteliais (Nemeth & Lee, 1996). 
Interações entre o epitélio e o mesênquima/estroma são importantes em diversos 
estágios da morfogênese, na diferenciação celular e na função geral dos epitélios. Em 
vários sistemas foi demonstrada a ação de células mesenquimais e/ou a participação de 
vários componentes da matriz extracelular na diferenciação celular e na manutenção do 
estado diferenciado (Hay, 1981; Trelstad, 1987; Lin & Bissel, 1993).  
Há também a possibilidade de atuação da matriz extracelular na ligação de fatores 
de crescimento concentrando-os em microambientes específicos, reduzindo sua 
susceptibilidade à proteólise e aumentando sua afinidade aos receptores celulares de 
superfície (Roberts et al. 1988; Massague et al., 1991), isto considerando a possível ação de 
outros fatores solúveis sobre o desenvolvimento prostático, uma vez que este mecanismo 
não se aplica aos hormônios não peptídicos. 
Sabe-se que fibroblastos têm ação no estímulo mesenquimal que ocorre por 
intermédio de sinais químicos liberados pelas células mesenquimais (estímulo parácrino) 
(Kabalin et al. 1989). Também já foi demonstrada a ação de diferentes fatores de 
crescimento, isolados ou em combinações, sendo produzidos por células estromais 





estímulos autócrinos e, sem dúvida, sobre o epitélio, tendo sido proposta uma densa rede de 
interrelações entre diferentes fatores de crescimento (Davies & Eaton, 1991). 
 
2.2. As Metaloproteinases de Matriz 
 
As metaloproteinases de matriz (MMP) constituem uma família multigênica de mais 
de 25 enzimas secretadas ou associadas à membrana que processam e degradam 
principalmente proteínas da MEC (Matrisian, 1990; Llano et al., 1997; Giambernardi et al., 
1998; Grant, 1999; Velasco et al., 1999; Llano et al., 1999; Park et al., 2000; Lohi et al., 
2000; Marchenko & Strongin, 2001; Sternlicht & Werb, Z 2001), sendo divididas em 5 
grupos principais: 
a. as colagenases intersticiais (MMPs 1, 8 e 13), 
b. as gelatinases (MMPs 2 e 9), 
c. as estromelisinas (MMPs 3, 10 e 11),   
d. as metaloproteinases de membrana (MMPs 14, 15, 16, 17, 24 e 25) e  
e. MMPs que não se enquadram em nenhum dos grupos anteriores (MMPs 7, 12, 
18, 19,  20, 21, 22,  23, 26, 27 e 28). 
 As (MMPs) formam uma família de endopeptidases dependentes de metais, 
principalmente zinco e cálcio, capazes de degradar os componentes da matriz extracelular, 
tais como colágeno, elastina, laminina, fibronectina e proteoglicanos (Alexander & Werb, 
1991; Parks & Mecham, 1998). Esse amplo espectro de substratos dá a essas enzimas um 
papel central em processos fisiológicos normais, tais como o desenvolvimento e 
remodelação da matriz e em estados patológicos como inflamações e a progressão tumoral 
(McCawlay & Matrisian, 2000). 
Na progressão tumoral, a degradação dos componentes da membrana basal e de 
outros componentes da matriz extracelular é um passo crítico entre os múltiplos eventos da 
cascata que levam à metástase. As células tumorais degradam estes componentes utilizando 
uma variedade de enzimas, destacando-se dentre elas as metaloproteinases de matriz 
(MMPs). As MMPs são de enorme importância nestes processos, assim como na ovulação, 





cartilagem (Heikinheimo & Salo, 1995; Bagavandoss, 1998; Tanney et al., 1998; Ishizuya-




Fig. 4. Domínios Estruturais das  MMPs. Pré: seqüência sinal; Pro: propeptídeo;Zn: sítio de ligação para o 
zinco;” CBD”: domínio de ligação para colágeno/gelatina ; F: sitío furina-clivagen; TM: domínio 
transmembranan; Cyto: domínio citoplasmático; Vn: domínio similar à vitronectina; IL-1R-like: domínio 






Todas as MMPs têm uma estrutura similar, com uma região pré que é um sinal para 
sua secreção, uma região pró que mantém sua latência, e uma região catalítica que contém 
o sítio ativo onde se liga o zinco (Egeblad et al., 2002). A maioria das MMPs tem domínios 
adicionais, tais como a região similar a hemopexina ou uma região semelhante à 
fibronectina (Fig. 4). Esses domínios adicionais são importantes para o reconhecimento do 
substrato e para a ligação de inibidores (Nelson et al., 2000).  
As MMPs são secretadas ou ligadas à membrana em uma forma inativa, 
necessitando serem clivadas por outras MMPs e/ou proteases, ou se autoprocessarem para 
se tornarem ativas. Além disso, as células secretam inibidores de MMPs. Estes inibidores 
endógenos são conhecidos como inibidores teciduais de metaloproteinases (TIMPs) que 
podem se ligar às MMPs formando um complexo MMP-TIMP  incapaz de se ligar ao 
substrato. Há quatro membros conhecidos da família TIMP e todas as MMPs podem ser 
inibidas por um número diferente deles.  Adicionalmente, foi descrito um outro inibidor, 
denominado RECK (reversion-inducing-cysteine-rich protein with Kazal motifs) (Oh et al., 
2001). Uma característica importante do funcionamento da proteína RECK é sua 
localização na membrana plasmática das células, onde se encontram as MMPs de 
membrana (MT-MMPs). Isto cria um sistema de proteólise pericelular bastante importante 
e intimamente relacionado à invasão celular. A existência de proteases (potencialmente 
envolvidas na degradação de componentes da matriz extracelular e na ativação de outras 
proteases) e de inibidores de proteases, demonstra a necessidade de um mecanismo 
finamente regulado de degradação da matriz extracelular. Desta forma, as atividades das 
MMPs são reguladas por um fino balanço entre sua produção, ativação e inibição 
(Matrisian, 1990; Chang & Werb, 2001). 
Como exemplo desta regulação, temos a MMP-2 ou gelatinase tipo IV, que degrada 
preferencialmente o colágeno tipo IV, um dos principais constituintes das membranas 
basais. A MMP-2 é secretada na forma inativa de 72 kDa, sendo clivada e ativada 
posteriormente para uma molécula ativa de 62 kDa pela ação de outras MMPs, a MT1-
MMP ou MMP-14. A MT1-MMP é uma metaloproteinase de membrana, conhecida como 





sua inibição pelo TIMP-2 (Matrisian, 1990; Chang & Werb, 2001).  A RECK atua 
bloqueando a ativação e a ativadade da MMP-2. 
Apesar dos tradicionais substratos das MMPs serem componentes da matriz 
extracelular, atualmente novas descobertas têm extendido a ação dessas enzimas a vários 
receptores, ligantes e moléculas de adesão, sendo hoje portanto, creditado às MMPs 
importante papel nos processos de migração, proliferação celular e apoptose (Mott & Werb, 
2004). 
Vários estudos têm demonstrado uma associação entre o aumento da produção de 
MMPs (MMP-2, -3, -7 e –9, -14)  e a progressão maligna do câncer de próstata (Hashimoto 
et al. 1998; Upadhyay et al. 1999; Nagakawa et al. 2000). Além disso, foi observada uma 
direta correlação entre a intensidade de expressão da MMP-2 e o grau de progressão 
tumoral segundo a classificação de Gleason (Stearns & Wang, 1993; Stearns & Stearns, 
1996). 
Nos tumores, as MMPs podem ser produzidas tanto pelas células estromais 
(Poulsom et al. 1992; Pyke et al. 1993; Wood et al. 1997) como pelas células epiteliais 
(Yoshimoto et al. 1993), havendo sugestão de cooperação entre estes dois tipos celulares 
(Ohtani 1998; Zhang et al. 2002).  
Com estas expressivas evidências quanto à participação das MMPs no caráter 
metastático dos tumores, a inibição da atividade das MMPs, por inibidores naturais ou 
sintéticos, pode ser um importante caminho para o tratamento do câncer de próstata 
independente de hormônios (Woessner, 1999; Kugler, 1999; Lokeshwar, 1999; Hidalgo & 
Eckhardt, 2001). 
Entretanto, a participação das MMPs e os possíveis efeitos da sua inibição nos 
processos tumorais e metastáticos ainda necessitam ser melhor estudados. É neste sentido 
que modelos experimentais são extremamente importantes para a investigação da expressão 
destas enzimas e de seus elementos de regulação, frente ao status hormonal dos indivíduos 
e sua associação com a proliferação tumoral.  
A involução da próstata seguida à castração tem sido extensivamente utilizada como 
modelo para estudos da fisiologia da próstata. Esta involução é um complexo processo 





uma inversão de uma estrutura predominantemente glandular para outra dominada pelo 
estroma. Esta involução envolve uma significativa remodelação tecidual, a qual inclui a 
remodelação do estroma e a eliminação de células epiteliais por apoptose (Powell et al. 
1996; Carvalho et al., 1997a, b; Ilio et al. 2000; Vilamaior et al. 2000). 
A participação das MMPs durante a involução da próstata ventral de ratos ainda não 
está completamente esclarecida. Foi demonstrada a participação de matrilisina (MMP-7) no 
processo de involução prostática. O maior nível de expressão desta enzima foi detectado 
nas células epiteliais no terceiro dia após a castração (Powell et al. 1996). Este pico de 
expressão corresponde ao pico de apoptose das células epiteliais, sendo proposta, desta 
forma, uma correlação entre estes dois processos (Powell et al. 1996)  
Há crescente interesse na compreensão do mecanismo de regulação da expressão e 
atividade das metaloproteinases de matriz, vista a ação destas enzimas em processos 
relacionados à remodelação da matriz extracelular, tão importante no desenvolvimento, em 
vários processos fisiológicos normais e no crescimento tumoral.  
Além disto, sabe-se da importância da glândula prostática não somente na função 
reprodutiva masculina, mas como alvo de uma série de lesões, principalmente associadas ao 




















Considerando-se a dinâmica do crescimento prostático na primeira semana de vida, 
principalmente no que diz respeito ao comportamento do epitélio e suas interações com o 
estroma, os objetivos do presente trabalho foram: 
 
a) caracterizar aspectos estruturais do epitélio e da interface epitélio/estroma, 
 
b) investigar os eventos celulares relacionados à canalização ductal e 
 
d) avaliar a variação dos níveis de atividade das MMP-2 e -9 e a localização da 
atividade de enzimas gelatinolíticas na próstata ventral de ratos, durante a primeira semana 


















Os resultados do presente trabalho foram organizados na forma de dois artigos científicos: 
  
1. Cardoso AB, Carvalho HF. Dynamics of the epithelium during canalization of the rat 
ventral prostate. Developmental Dynamics. 
2. Cardoso AB, Carvalho HF. Localized gelatinase activity in the rat ventral prostate  
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Branching and outgrowth of solid cords are the initial events in prostatic morphogenesis. 
These processes involve cell proliferation and their projection into the stroma and precede 
epithelial canalization. The purpose of the present study was to examine the dynamics of 
the prostate epithelium during canalization of the rat ventral prostate in the first week of 
postnatal development using histological, stereological and ultrastructural analyses. The 
TUNEL assay was used to investigate the occurrence of DNA fragmentation. Our results 
demonstrate that canalization of the prostate epithelium starts as early as on day 1 (24 h 
after birth) and progresses thereafter. By the end of the first week (day 6) luminal volume 
density reached ~3% (p<0.05) of the organ. Canalization was the result of epithelial cell 
apoptosis and differentiation. The latter involved organization of the epithelial cells into a 
single layer sitting on the basement membrane, polarization, enlargement of secretory 
organelles and accumulation of secretory vesicles, microvillus formation, and establishment 
of the adult pattern of cell junctions. Some epithelial cells formed lumen-like structures in 
their cytoplasm, which seemed to grow by fusing with similar structures. Structures of 
variable electron density and unknown composition were observed in the developing 
lumen. In conclusion, different phenomena seem to be involved in the canalization of the 
rat ventral prostate. However, a larger contribution of programmed cell death needs to be 
recognized. 
 







The rodent prostate gland is characterized by a postnatal developmental step that 
takes place within the first postnatal weeks (Hayward and Cunha, 2000) in response to a 
testosterone surge occurring on the day of birth (Corbier et al., 1995). The initial event in 
prostatic morphogenesis is the outgrowth of solid epithelial cords into the surrounding 
mesenchyme/stroma (Timms et al., 1994). At birth, as these solid buds elongate within the 
mesenchyme/stroma, they begin to bifurcate and send out side branches and also to canalize 
(Sugimura et al., 1986).  
 Cavitation and canalization are important events during morphogenesis. The 
development of body cavities and the formation of canals in tubular organs all result from 
the coordinated activity of cells. Apoptosis is involved in cell elimination during blastocyst 
cavitation and isolation of the inner cell mass (Coucouvanis and Martin, 1995) and in the 
canalization of hollow organs (Jaskoll et al., 2001; Sunil et al., 2002).  
 Different growth factors, morphogens (SHH, FGF-10, FGF-7 and BMP-4) and 
signaling pathways are shared between prostatic development and morphogenesis of other 
organs such as lung, kidney, salivary gland and mammary gland (Thomson, 2001). It 
seemed to us that these organs could also share some aspects related to canalization and 
lumen formation.  
 We have previously shown that lumen formation in the rat ventral prostate takes 
place within the first three postnatal weeks (Vilamaior et al., 2006). However, no specific 
study has defined the dynamics of epithelial cells during canalization. We therefore decided 
to investigate the canalization process within the first postnatal week using structural, 
stereological and ultrastructural analyses. In addition, in order to determine whether 
apoptosis is a relevant factor during canalization, DAPI staining and the TUNEL (terminal 
deoxynucleotidyltransferase (TdT)-mediated deoxy-UTP nick end labeling) assay were 
used to determine the occurrence of nuclear changes and DNA fragmentation, respectively. 
The results showed that prostatic canalization is the result of epithelial cell differentiation 





activity of specialized cells were also detected and might have yet undefined roles in early 
prostatic morphogenesis. 
 
 Experimental procedures 
 
 Animals 
Wistar rats were purchased from CEMIB-UNCIAMP. Animals at day 0 (the day of 
birth) to day 6 of age were used. All rats were sacrificed by decapitation and dissected 
under a stereoscopic microscope. The ventral prostates were collected and frozen or 
properly fixed for the following experiments. 
 
 Histological processing 
 The ventral prostates were fixed in 4% paraformaldehyde in phosphate-buffered 
saline (PBS) for 24 h, dehydrated in a graded ethanol series and embedded in Leica 
historesin. Sections (2 µm) were cut with glass knifes and stained with hematoxylin-eosin, 
toluidine blue or 4’,6-diamidino-2-phenylindole (DAPI). Observations and 
photomicrographs were made with a Zeiss Axioskop microscope or an Olympus 
microscope.  
 
Morphological and stereological analyses 
 Hematoxylin/eosin-stained sections were submitted to stereological analysis. 
Volume densities of the epithelium, lumen and stroma were determined by the method of 
Weibel. A total of 144 dots/72 grid lanes were analyzed as described previously for the 
ventral prostate (Huttunen et al., 1981; Antonioli et al., 2004; Garcia-Florez et al., 2005). 
At least 13 microscopic fields from three animals were analyzed at random.  
 
Transmission electron microscopy 
The material was processed by routine procedures (Carvalho and Line, 1996). In 
brief, the ventral prostates were fixed for 24 h in 3% glutaraldehyde and 0.25% tannic acid 





acetone series before embedding in Araldite. Ultrathin sections (50-70 nm) were cut with 
diamond knifes and contrasted with uranyl acetate and lead citrate. The specimens were 
observed and documented under a Leo 906 transmission electron microscope.  
 
TUNEL assay 
Dissected ventral prostates from 6-day-old animals were embedded in OCT and cut 
frozen into 8-µm sections. The sections were air dried for 20 min, fixed in 4% 
paraformaldehyde in PBS for 20 min at 4oC, and assayed for DNA fragmentation using the 
TUNEL assay (Apoptosis Detection System, Promega, Madison WI, USA) according to 
manufacturer instructions. After extension of the fluorescein-labeled deoxy-UTP tail with 
the TdT enzyme, a peroxidase-labeled anti-fluorescein antibody was used and peroxidase 
activity was revealed with 3,3’-diaminobenzidine. The sections were counterstained with 
methyl green.  
 
Statistical analysis 
 Statistical differences were determined by ANOVA followed by Tukey’s test. 





Structural aspects of prostate development and canalization of the epithelium 
On day 0, the epithelium of the rat ventral prostate consisted of compact cords (Fig. 
1A). The epithelial cells contained large nuclei and showed no polarization with respect to 
the basement membrane. Large vesicle-like structures were observed in some cells (Fig. 
1A). 
During the first postnatal week, the epithelium differentiated progressively, 
occupying a single cell layer and acquiring a phenotype more similar to that observed in 
adult animals. The epithelial cells became smaller and polarized, showing a basal cell 





uniform. Mitotic cells were frequent in the epithelium and showed no preferred position 
within the cords in relation to the basal lamina or the tips of the cords. Although the 
proximal regions were canalized, the distal regions of the epithelium preserved the aspects 
of epithelial cords and lacked a lumen but reproduced the aspects of canalization observed 
earlier in the more proximal areas (Fig. 1E).  
Canalization started as early as on day 1 (Fig. 1B and 1C). The earliest sign of this 
process was associated with the concentration of cells at the periphery of the cords. This 
appeared to be the result of two main events, i.e., polarization of cells in contact with the 
basement membrane and deletion of cells in the central region of the cords (Figs. 1 e 2). In 
the region where this process was initiated, cells containing a spherical and large nucleus 
were observed and were stained lighter by hematoxylin than the usual epithelial cells (Fig. 
1C). The cytoplasm of these cells appeared only faintly stained and extended from the 
establishing lumen and the basement membrane. The cells contained abundant vesicles and 
seemed to produce and secrete a proteinaceous material (Fig. 1F).  
Apoptotic cells were identified in the nascent lumen based on their characteristic 
morphology, nuclear compactation (Fig. 2B), and DNA fragmentation as assessed by the 
TUNEL assay (Fig. 2A). At least part of the apoptotic cells were phagocytosed by 
neighboring cells. Cellular agglomerates and/or spherical nuclei within a single cytoplasmic 
mass were also seen in the forming lumen (Fig. 2C and 2D).  
 
Ultrastructure 
During the earlier stages, the epithelial cells were mainly undifferentiated, 
containing large nuclei, numerous mitochondria and an irregular outline, and were 
characterized by abundant cell processes and few points of cell-to-cell adhesion (Fig. 3A). 
Secretory organelles such as rough endoplasmic reticulum, Golgi complex and secretory 
vesicles were relatively rare. With time, the intercellular spaces diminished as the cells 
established more contacts with each other and organized themselves into a single cell layer 
(Figs. 3B, 3G and 3H). 
Mitotic cells were observed in the epithelium both in contact with the basal lamina 





Transmission electron microscopy confirmed the light microscopic finding that 
lumen development started on day 1 (24 h after birth). One aspect of the initial lumen 
formation was the appearance of spaces in the cytoplasm of some epithelial cells (Fig. 3A). 
These spaces resembled a large vesicle, were membrane-bound and contained structures of 
unknown constitution. Elements of unknown composition and variable substructure and 
electron density were found inside the developing lumen (Figs. 3E, 3G and 3H). By day 5, 
some nuclei with no separating plasma membrane were observed in a cytoplasm filled with 
amorphous substance, indicating a possible event of cell fusion (Fig. 3F). 
 
Mitotic index and stereological analysis 
 Proliferating epithelial cells were relatively frequent in the first postnatal week. 
Quantification of the mean proliferation rate (Fig. 4) showed a linear decrease (R = 
0.91201) from day 0 (1.8% ± 1.0) to day 6 (1.1 ± 0.5). 
There was little variation in the volume density of the epithelial and stromal 
compartments (Fig. 5A and 5C). However, the volume density of the lumen showed a 
significant increase, corresponding to 0.1% ± 0.07 of the ventral prostate volume on day 2 
and to 2.7% ± 0.8 on day 6 (Fig. 5B).  
An increase in epithelial cell density was observed along the period analyzed. On 
day 0, the mean number of epithelial cells was 158.0 ± 59 per microscopic field, while on 
day 6 the mean number was 377.8 ± 64 (Fig. 5D). Since there was no significant variation 
in the relative volume of the epithelium, one might conclude that the size of the prostate 





In contrast to humans, the development of the prostate gland in rodents involves the 
postnatal period (Hayward and Cunha, 2000). This developmental stage seems to result 
from a testosterone peak that occurs on the day of birth (Corbier et al., 1995) and includes 





The present study focused on the dynamics of the epithelium during the first 
postnatal week to determine which factors are involved in the canalization of the 
epithelium. The results suggest that epithelial cell differentiation and deletion by apoptosis 
are the leading events. In addition, the secretory activity of some distinct cells and the 
formation of cytoplasmic vesicular structures might contribute at different steps to 
canalization. 
The lumen (canalization process) starts to appear on day 1; however, this 
compartment was detectable by stereological analysis only on day 2, showing a marked 
increase thereafter and reaching 3% of the organ by day 6. This increase continues up to the 
third week, when the volume density of the lumen reaches 45% of the organ (Vilamaior et 
al., 2006).  
On the day of birth, epithelial cells formed a compact cord, with no features of 
differentiation or lumen formation (canalization). Since the differentiation of PC-3 prostatic 
cancer cells induced by mycophenolic acid, an inhibitor of 5’-monophosphate 
dehydrogenase, has been shown to involve the formation of cytoplasmic vesicles (Floryk 
and Huberman, 2005) and since this kind of vesicle has been associated with the formation 
of an intracellular canal resembling early differentiation of the epithelium (Floryk et al., 
2004), we decided to investigate whether such structures are present during the early 
canalization of the prostate gland. Indeed, we observed relatively large vesicles in the 
cytoplasm of nondifferentiated epithelial cells in the areas devoid of a defined lumen. 
Similar structures were identified by transmission electron microscopy and seemed to be 
membrane-bound and to result from the fusion of smaller vesicles.  
Canalization seemed to result from or be simultaneous to the differentiation of the 
epithelium. Secretory organelles were common in the apical region of the differentiating 
cell. The presence of rough endoplasmic reticulum and Golgi complex suggests the 
occurrence of active secretion. Some of the secretory products might be directly involved in 
the canalization process and lumen consolidation, in addition to producing primary 
components of the prostatic secretion. Other remarkable characteristics of the differentiated 






In addition to the differentiation of the main luminal cells and their possible 
secretory activity, distinct cells were also detected which seemed to produce and secrete a 
large amount of material into the forming lumen. These cells were also distinguishable 
from the other cells at the ultrastructural level as they were especially rich in secretory 
vesicles. We are unable to determine the nature of these cells at this time, but a possible 
contribution of their secretory activity to the early formation of the lumen cannot be ruled 
out. 
Simultaneous to the differentiation of the epithelial cells, we observed the deletion 
of cells in the central region of the cords. The elimination of these cells appeared to be due 
to and regulated by cell death. The characteristic morphology, nuclear compactation and 
fragmentation, as well as the positive reaction to the TUNEL assay which reveals DNA 
fragmentation, permits us to conclude that these cells underwent apoptosis. In the present 
study on the rat prostate gland, it was apparent that apoptosis occurred in cells not in 
contact with the basement membrane, as shown for the cavitation of embryoid bodies 
(Coucouvanis and Martin, 1995).  
Apoptosis has also been shown to be involved in the canalization of the mammary 
(Sunil et al., 2002) and submandibular salivary glands (Jaskoll et al., 2001), in which the 
deletion of some epithelial cells gives rise to the space occupied by the lumen. Apoptosis of 
interstitial cells plays a role in the remodeling mechanisms of the developing fetal lung to 
achieve the mature alveolar structure (Scavo et al., 1998), and in the proposed mechanism 
of ureteral lumen formation and maturation (Kakuchi et al., 1995). Similarly, lumen 
formation by mammary acinar cells in culture has been shown to depend on apoptosis 
(Debnath et al., 2002). In this system, the apoptotic cells appear in the lumen unattached to 
the extracellular matrix, while the surrounding surviving cells produced and were attached 
to extracellular matrix (Debnath et al., 2002). The basic mechanisms underlying the control 
of cell death during development include the direct initiation of apoptosis by an external 
signal, the absence of trophic factors, and/or the response of a cell to conflicting signals 
(Coucouvanis and Martin, 1995). In spite of this proposition and although they occur in 
different models, the molecular events regulating the elimination of cells by apoptosis to 





The importance of cell deletion in the canalization process was also demonstrated 
by the presence of large agglomerates of cell nuclei within a single cytoplasmic cell mass. 
Although these cells showed no feature of apoptosis, they seemed to correspond to dying 
cells, especially because they were not preserved during prostate development. 
An increase in epithelial cell density was observed during the period analyzed. 
However, no significant alterations in the relative volume of the epithelium and stroma 
were noted, except for day 6. Although we did not measure it, there was an apparent 
reduction in epithelial cell size. It is possible that the early postnatal development of the 
prostate gland reproduces a common feature of embryonic development and organogenesis 
(Farrel et al., 1989), when the cell cycle is short and does not allow the growth of cells 
before the next mitotic cycle. This fact is supported by the relatively high mitotic index 
observed in the present study, in accordance with previous reports (Weihua et al., 2002). 
Moreover, mitotic cells in direct contact with the canalization regions were observed, 
indicating that cell division might be related to luminal growth and consolidation. On the 
other hand, these mitotic cells may only represent epithelial cells in a late process of cell 
division. Redistribution of vital cells has been suggested to be responsible for the opening 
of spaces in the developing middle ear, since mitotic figures have been detected in the 
mouse middle ear as cavitation occurs (Van der Water et al., 1980).  
Structures of unknown composition were observed in the forming lumen and may 
also be involved in the canalization process. Interestingly, the cavitation of encephalic 
structures involves cell polarization and the production of negatively charged molecules 
(glycosaminoglycans) which, once in the cavity, attract water and help expanding the cavity 
(Gato et al., 1993).  
The lumen appeared simultaneous to the process of differentiation of the epithelium 
(cell polarization, appearance of secretory organelles and microvilli), suggesting that both 
processes are directly related. 
In conclusion, the canalization process of the rat ventral prostate is the result of 
epithelial cell differentiation and apoptosis. Although they seem to be the main events 





bound vesicles inside the epithelial cells and the secretion of molecules into the forming 
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Legends of the figures 
 
Figure 1. Histological sections of the rat ventral prostate during the first postnatal week. A: 
On day 0, note the predominance of epithelial cords which are characterized by dense 
agglomerates of epithelial cells. Cytoplasmic vesicles can be seen in some epithelial cells 
(arrowheads). B: By day 1, the epithelial cells started to differentiate and the first signs of a 
lumen (arrow) could be seen. C: On day 4, the proximal areas showed a well-formed lumen 
(asterisk) surrounded by differentiating epithelial cells. The stroma (S) also appeared more 
organized, forming cell layers around the epithelium. Some epithelial cells presented a 
distinct phenotype (arrow). D: On day 6, the lumen (asterisk) had extended deeper into the 
prostate gland and was enlarged as compared to the previous days. E: Detail of a branching 
epithelium on day 3. Note that the lumen appears very close to the growing epithelial tips. 
F: Detail of one epithelial cell shown in C. This cell seemed to secrete a large amount of 
material from its apical region in the direction of the future lumen. (Ep) epithelium; (s) 
stroma. A-E: hematoxylin-eosin; F: toluidine blue. Scale bars = 10 µm. 
 
Figure 2. A: TUNEL staining revealed the presence of DNA fragmentation in cells of the 
forming lumen (arrow) on day 6. The inset shows another TUNEL-positive cell nucleus, 
which also presented nuclear fragmentation. B: DAPI staining was used to identify nuclear 
compactation and fragmentation in the epithelium during lumen formation. The arrow 
points to a cell nucleus with both characteristics. C: Hematoxylin-eosin staining also 
showed some aspects of cell deletion during canalization. In this case, agglomerates of cell 
nuclei were observed in the lumen. D: DAPI staining revealed the absence of signs of 
chromatin compactation in a group of nuclei like those observed in the previous figures, 
although some of them exhibited an irregular outline compatible with disintegration of the 
nuclear lamina. The dashed lines in A, B and D show the margins of the epithelium. Scale 
bars: A and B = 25 µm; C and D = 20 µm; inset in A = 3 µm. 
 
Figure 3. Ultrastructural aspects of the rat ventral prostate during the first postnatal week. 





of cell adhesion were scarce and the intercellular spaces were wide. Most of the cells 
showed prominent cell processes (cp). The arrowhead points to a large vesicle in the 
cytoplasm of an epithelial cell, which apparently resulted from the fusion of smaller 
membrane-bound vesicles. B: Ultrastructure of a differentiated epithelial cell of the ventral 
prostate on day 6. The cell is polarized and contains a basal nucleus and supranuclear 
organelles such as rough endoplasmic reticulum (rer) and Golgi complex (GC). Some 
secretory vesicles were observed in the apical region of the cytoplasm. The cell is tightly 
connected to neighboring cells through cell junctions. On the apical surface, the cell 
exhibits microvilli (mv) in contact with the lumen (asterisk). C: Detail of the apical portion 
of an epithelial cell on day 6 showing the presence of long microvilli (mv). D: Detail of an 
epithelial cell on day 6 showing a well-developed rough endoplasmic reticulum (rer). E: 
Ultrastructural aspects of the epithelium on day 3 showing a mitotic cell (arrowhead) close 
to the forming lumen. Note that lumen formation anticipates epithelial cell differentiation. 
F: Ultrastructural aspect of an agglomerate of cell nuclei within a single cytoplasm filled 
with an amorphous and compact substance. At least one of the nuclei showed an irregular 
outline (arrow). G: Ultrastructural aspect of the forming lumen on day 4. Note the presence 
of some membrane-bound vesicular structures, some of them continuous to the apical cell 
membrane, and other material in the lumen (asterisk). The presence of microvilli (mv) 
suggests that the epithelial cells in this region are at least partially differentiated. H: On day 
5, the proximal areas of the epithelium were composed of a single layer. The cells showed 
most of the differentiation aspects. The lumen (asterisk) contained different structures of 
unknown composition. I: Aspect of a distinct cell (arrow) in the epithelium of a prostate 
from 4-day-old rat. Note the presence of abundant vesicles and polarization of the cell 
which extended from the basement membrane to the lumen (asterisk). Ep = epithelium; S = 
stroma. Scale bars: A, B and H = 2 µm; C = 0.5 µm; D = 1 µm; E and F = 5 µm; G = 2.5 
µm. 
 
Figure 4. Proliferation rate of the rat ventral prostate during the first postnatal week 





deviation. A linear fit of the data is included in the figure. The calculated correlation 
coefficient was -0.91201. 
 
 
Figure 5. Stereological analysis of the rat ventral prostate during the first postnatal week. 
A: Volume density of the epithelium. B: Volume density of the lumen. C: Volume density 
of the stroma. Values are expressed as mean ± standard deviation. No significant difference 
was observed in epithelial or stromal volume density. The asterisks in B point to significant 
differences in the volume density of the lumen compared to day 2 (Tukey’s test). 
 
Figure 6. Variation in epithelial cell density during the first postnatal week measured by 
the number of epithelial cell per microscopic field. Values are expressed as mean ± 





















































           Figure 3 


























































Localized gelatinase activity in the rat ventral prostate during the first 
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The initial events in prostatic morphogenesis involve cell proliferation, epithelial 
canalization and projection toward the stroma. We have hypothesized that stromal 
rearrangement takes place at the sites of epithelial growth and branching and that 
this rearrangement involves the action of gelatinases (MMP-2 and MMP-9). Thus, 
the purpose of the present study was to characterize structural aspects of epithelial 
growth during the first week of postnatal development of the rat ventral prostate and 
to investigate the expression of MMP-2 and MMP-9 and their localization and 
activity during this process by histological, ultrastructural and immunocytochemical 
analysis, as well as gel and in situ zymography and Western blotting. An increasing 
complexity of prostatic architeture was observed within the first postnatal week. 
Concomitantly, the stroma became more organized and some cells differentiated 
into smooth muscle cells. MMP-2 and MMP-9 activities were detected. MMP-2 
expression decreased during the first week, but the lowest level observed on day 6 
was still higher than that of the adult ventral prostate. Developing epithelial cords 
showed strong gelatinolytic activity. The distribuition of this activity was similar to 
the distribution of MMP-2 determined by immunocytochemistry. Reticulin fibers 
appeared as a basket-like arrangement in growing tips and laminin staining was 
fainter in these regions. These results suggest that gelatinolytic activity (with 
contribution of both MMP-2 and MMP-9) in the epithelium and at the epithelium-
stroma interface might be responsible for the tissue remodeling that allows epithelial 
growth and its projection into the surrounding stroma. 
 







The prostate develops from the urogenital sinus, which arises in both male and 
female rodents at approximately 13 days postconception (Hamilton et al., 1959). The initial 
event in prostatic morphogenesis is the outgrowth of solid epithelial cords into the 
surrounding mesenchyme (Timms et al., 1994). At birth, as these solid buds elongate within 
the mesenchyme, they begin to bifurcate and send out side branches and also to canalize 
(Sugimura et al., 1986; Cardoso and Carvalho, 2006). These processes involve cell 
proliferation and epithelial projection toward the adjacent stroma (Sugimura et al., 1986a). 
The prostatic stroma is rich in extracellular matrix elements such as collagen fibers 
(Vilamaior et al., 2000), proteoglycans (Kofoed et al., 1990), laminin (Carvalho and Line, 
1996), and fibronectin and elastin (Carvalho et al., 1996). In addition to a structural role, 
the extracellular matrix (ECM) and related molecules have been recognized as key 
regulatory components during developmental morphogenesis and cell differentiation of 
many branched organs (Timpl, 1989; Gilbert et al., 1994). For example, collagen deposition 
determines cleft formation during salivary gland branching morphogenesis (Fukuda et al., 
1988). Specific ECM molecules can also bind and sequester growth factors and have been 
postulated to form cross-links between epithelial and stromal cells and, in effect, to couple 
cell signaling systems (Mott and Werb, 2004). In addition, ECM molecules transmit signals 
through interactions between their binding sites, such as the RGD sequence, and specific 
cellular receptors which transduce signals intracellularly. Thus, proteolytic cleavage of 
ECM components by matrix metalloproteinases (MMPs) might play an important role in 
perinatal prostate development.  
 MMPs comprise a family of ECM-degrading enzymes with a broad range of 
substrates and play a pivotal role in normal physiological processes and pathological states, 
including tumor metastasis and angiogenesis (Matrisian, 1990; Llano et al., 1997; 
Giambernardi et al., 1998; Grant et al., 1999; Llano et al., 1999; Velasco et al., 1999; Lohi 
et al., 2000; Park et al. 2000; Marchenko and Strongin, 2001; Sternlicht and Werb, 2001).  
Gelatinases (MMP-2 and MMP-9) preferentially degrade basement membrane 





known to be increased in many tumors. Several studies have demonstrated a correlation 
between an increased production of MMPs (MMP-2, -3, -7 and -9, -14) and the malignant 
progression of prostate cancer (Hashimoto et al., 1998; Upadhyay et al., 1999; Nagakawa et 
al., 2000). Furthermore, a direct correlation between MMP-2 expression and Gleason’s 
score has been shown (Stearns and Wang, 1993; Stearns and Stearns, 1996). 
Several similarities in terms of growth factor and morphogen expression (e.g., SHH, 
FGF-10, FGF-7 and BMP-4) are found during morphogenesis of the prostate and other 
branched organs, such as lung, kidney, salivary gland and mammary gland (Thomson, 
2001; Huang et al., 2004). Furthermore, an interesting correlation between the mechanisms 
of tumor growth and normal epithelial growth has been suggested for the mammary gland 
(Wiseman and Werb, 2002) and lung (Kheradmand et al., 2002) with respect to 
proliferative state, ECM degradation requirements, and colonization of sites primarily 
occupied by the stroma. 
We have hypothesized that the events that occur in the rat ventral prostate 
immediately after birth (i.e., proliferation, branching and canalization) would require 
important stromal rearrangements and that gelatinases (MMP-2 and MMP-9) may play key 
roles in these events. The aim of the present study was to characterize morphological 
features of the prostatic growing tips and the epithelium-stroma interface, and to investigate 
the presence and distribution of MMP-2 and MMP-9 gelatinolytic activity in the ventral 





Wistar rats were purchased from CEMIB-UNICAMP. Puppies from day 0 (the day 
of birth) to day 6 and 90-day-old young adults were used. All rats were sacrificed by 
decapitation and dissected under a stereoscopic microscope. The ventral prostates were 








The ventral prostates were fixed in 4% paraformaldehyde in phosphate-buffered 
saline (PBS) for 24 h, followed by ethanol dehydration and embedding in Leica historesin. 
Histological 2-µm sections were cut and stained with hematoxylin-eosin or subjected to 
Gomori’s silver impregnation technique for the identification of collagen and reticulin 
fibers (Behmer et al., 1976; Taboga and Vidal, 2003). After silver impregnation, reticulin 
fibers (mainly type III collagen) appear black, while collagen fibers (mainly type I 
collagen) appear gold (Taboga and Vidal, 2003).  
 
Transmission electron microscopy 
The material was processed using routine procedures (Carvalho and Line, 1996). In 
brief, the ventral prostates were fixed for 24 h in 3% glutaraldehyde and 0.25% tannic acid 
in Millonig’s buffer, postfixed in 1% osmium tetroxide for 2 h, and dehydrated in a graded 
acetone series before embedding in Araldite. Ultrathin sections (50-70 nm) were cut with a 
diamond knife and contrasted with uranyl acetate and lead citrate. The specimens were 
observed and documented under a Leo 906 transmission electron microscope.  
 
Gelatin zymography 
 Twenty micrograms of protein extract was electrophoresed on 10% SDS 
polyacrylamide gel containing 0.1% gelatin (used as protein substrate) at 4oC under 
nonreducing conditions. After electrophoresis, the gel was washed under gentle shaking at 
room temperature with 2.5% Triton X-100 (2 changes) for 30 min to remove SDS. The gel 
was incubated overnight in a 50 mM Tris-HCl solution, pH 7.4, containing 1 M CaCl2, 0.1 
M NaCl and 0.03% sodium azide at 37oC. The gel was then stained with Coomassie 
brilliant blue (0.5% dye in 20% ethanol and 10% acetic acid) for 1 h. Unstained bands 
indicating gelatinolytic activity were seen after washes with 30% methanol and 10% acetic 
acid. The intensity of the bands was determined using the Kodak 1D Image Analysis 
software (Kodak, Rochester, NY, USA). The activity determined for day 0 was used as 






Immunocytochemistry for MMP-2 
Dissected ventral prostates from animals at 0, 3 and 6 days of age were embedded in 
OCT and cut into 8-µm thick sections. The specimens were air dried for 20 min, fixed in 
4% paraformaldehyde in PBS for 20 min at 4oC, washed in Tris-buffered saline containing 
0.02% Tween 20 (TBS-T), and incubated in 3% H2O2 in TBS-T for 10 min. The sections 
were blocked for 1 h in 3% BSA and incubated overnight at 4oC with rabbit anti-human 
MMP-2 (1:100) (Chemicon, Temecula, CA, USA) in TBS-T containing 1% BSA. After 
three washes with TBS-T, the sections were incubated for 1 h with a peroxidase-conjugated 
goat anti-rabbit Ig (1:200) (Sigma Chemical Co., St. Louis, MO, USA). After location of 
peroxidase activity with 3,3’-diaminobenzidine, the sections were counterstained with 
methyl green. 
 
Immunocytochemistry for laminin 
Dissected ventral prostates from 6-day-old animals were fixed for 24 h in methacarn 
fixative (methanol:chloroform:acetic acid, 6:3:1), embedded in paraffin and cut into 5-µm 
thick sections. The specimens were treated with 10 mM sodium citrate buffer, pH 6.0, at 
95oC for 10 min, followed by digestion with 0.01% pepsin in 0.01 N HCl at room 
temperature for antigen unmasking. After washing in water, endogenous peroxidase activity 
was blocked with 3% H2O2 in PBS. The sections were washed thrice in PBS and incubated 
overnight at 4oC with rabbit anti-human laminin (1:100) (Sigma). Immunoperoxidase 
staining was performed with the Novostain Super ABC kit (Novocastra, Newcastle Upon 
Tyne, UK) according to manufacturer instructions. ABC staining systems use a preformed 
avidin-biotinylated horseradish peroxidase complex.  
 
In situ zymography 
Dissected ventral prostates from animals at 0, 3 and 6 days of age were embedded in 
OCT and cut into 8-µm thick sections. In situ gelatin zymography was performed as 
described previously (Duchossoy et al., 2001). Air-dried sections were covered with 20 µL 
of the substrate reaction mixture [50 mM Tris, pH 7.5, 5 mM CaCl2, 0.03% sodium azide 





Probes) and incubated for 2 h at 37oC in a humid chamber. After a brief rinse in PBS, the 
sections were counterstained with propidium iodide, covered with 90% glycerol and 
observed under a BioRad MRC 1024 UV confocal microscope. A fluorescent signal only 
occurs after enzymatic cleavage of DQ gelatin, thus revealing local net gelatinase activity. 
Control sections were incubated with DQ gelatin in substrate buffer containing 1% protease 
inhibitor cocktail (Sigma) and/or 20 mM EDTA. 
 
MMP extraction 
Ventral prostates from 3 to 20 animals at 0, 3 and 6 days of age and from adults 
were pooled. The frozen tissue was homogenized in 50 mM Tris-HCl, pH 7.4, 0.2 M NaCl, 
0.1% Triton, 10 mM CaCl2, and 1% protease inhibitor cocktail (Sigma) using an ultrasonic 
cell disruptor (Catel, Campinas, SP, Brazil). The homogenates were incubated for 2 h at 
4oC and centrifuged at 2,080 x g for 20 min at 4oC. The supernatants were removed and the 
pellets resuspended in the same solution as described above, heated to 60oC for 5 min, 
centrifuged at 2,080 x g for 20 min at 4oC, and the two supernatants were pooled. Protein 




The protein extracts obtained as described above were used in this assay. Sixty 
microgram protein extract was electrophoresed on 7.5% polyacrylamide gel, followed by 
electric transfer (Hoefer, San Francisco, CA, USA) onto nitrocellulose membranes 
(Amersham, Buckinghamshire, England). The membranes were blocked for 1 h in 3% non-
fat milk in TBS-T, followed by overnight incubation with 1% non-fat milk in TBS-T and 
rabbit anti-human MMP-2 or rabbit anti-human MMP-9 (Chemicon). The membranes were 
washed in TBS-T and incubated for 1 h with peroxidase-conjugated goat anti-rabbit Ig 









Statistical differences were determined by ANOVA followed by Tukey’s test, with 





Light microscopy  
For all ages, mitotic figures in both the basal region and in the middle of the 
epithelial cords were repeatedly visualized. Buds arose from epithelial ducts in distal 
regions (Figs. 1B, 1C and 2). Tips grew after ductal bifurcation and were responsible for 
the formation of new ducts through canalization. The cells in these tips were characterized 
by variable phenotypes, in contrast to proximal areas containing differentiated epithelium 
(Figs. 1B and 1C). 
On day 0, the stroma was rich in undifferentiated cells containing a 
spherical/ellipsoid nucleus (Fig. 1A and B). During the first postnatal week, the density of 
stromal cells was lower, with wider intercellular spaces being observed which became 
occupied by ECM components such as reticulin and collagen fibers (Figs. 1 and 2). The 
stromal region that surrounded the ducts was organized into many layers and contained a 
small number of differentiating smooth muscle cells (Fig. 1C and D).  
The silver impregnation technique revealed the organization of reticulin and 
collagen fibers. Reticulin fibers were observed surrounding the epithelial cords, 
establishing a boundary between the epithelial structures and the stroma (Fig. 2). However, 
in the tips, these fibers appeared thinner or presented a basket-like arrangement, 
surrounding the whole protruding tip (Figs. 2A, C-E). Collagen fibers were observed in 
thick fibers in the interductal regions (Figs. 1A and B). 
Laminin was detected by immunocytochemistry in the basal portion of the 







Transmission electron microscopy 
On day 0, stromal cells showed an undifferentiated pattern. Stromal cells in the 
interductal regions were spheroid (Fig. 3B), while those surrounding the epithelium 
presented a fibroblast-like phenotype (Fig. 3G). On day 5, the surrounding stroma was 
populated by smooth muscle cells (Fig. 3). 
The epithelium appeared to be surrounded by a basal lamina which, in some 
regions, was highly folded (Fig. 3D) irrespective of the day of analysis. The subepithelial 
space below the basal lamina contained only a few collagen fibrils on day 0 (Fig. 1A). The 
number of collagen fibrils increased steadily over the first week (Fig. 3D, F and I). The 
subepithelial space was thicker in the regions where the basal lamina was folded (Figs. 3D 
and F). In these areas, no preferred collagen fibril orientation was observed (Figs. 3D and 
F). 




The ventral prostates from different animals at 0, 3, 6 and 91 days of age were 
pooled for the zymography experiments. Gelatinolytic activity of active MMP-2 (62 kDa) 
and its precursor forms, latent MMP-2 (72 kDa) and intermediate MMP-2 (68 kDa), was 
detected. The active form of MMP-9 (~82 kDa) was detected only on days 0 and 3, but its 
activity was weak (Fig. 6A). MMP-2 activity as assessed by gelatin zymography decreased 
along the days studied, with a marked drop in the activity of the active form being observed 
on day 6 (53.8 ± 5.4% of the activity on day 0) (Fig. 6B). Western blotting using an 
antibody that recognizes the intermediate (68 kDa) and active (62 kDa) forms of MMP-2 
showed the presence of these two components (Fig. 6C). For MMP-9, Western blotting 
using an antibody for the detection of the latent (92 kDa) and active forms (82 kDa) only 








In situ zymography and MMP-2 immunocytochemistry 
The ventral prostates of animals at 0, 3 and 6 days of age were used for these 
assays. Before the in situ zymography assay, tissue autofluorescence was analyzed and was 
found to be negligible for the analysis of fluorescence intensity obtained in the experiments. 
As controls, frozen sections were incubated with DQ gelatin in the presence of 20 mM 
EDTA and/or a protease inhibitor cocktail. Using a combination of these inhibitors, no 
gelatinolytic activity was observed. Gelatinolytic activity was mainly detected in epithelial 
cords in animals of all ages. Epithelial cells showed cytoplasmic activity. A weaker 
reaction was identified in the stroma around the epithelial cords (Figs. 5A-F). 
MMP-2 was also detected by immunocytochemistry (Figs. 5G-L) and was mainly 
located in the basal portion of the epithelium and at the epithelium-stroma interface. The 
reaction was more intense in the epithelial tips (Fig. 5J and L). 
There was a good correlation between the gelatinolytic activity detected by in situ 




Regulated and local remodeling of the ECM is required during morphogenesis 
because changes in cell proliferation, motility and shape and in the formation of cellular 
contacts necessary for these processes require the precise interaction between cells and 
ECM components (Vu et al., 2000). For example, mammary epithelial cells in three-
dimensional culture are more frequently organized into ductal than into alveolar structures 
in response to fibronectin fragments (Schedin et al., 2000). When an embryonic kidney is 
placed in culture on day 10 of development, ureteric buds develop and branch. However, 
this process can be inhibited with an antibody against MMP-9 (Lelongt et al., 1997). Thus, 
we thought that the same importance of MMP activity might be observed during ductal 
growth in the prostate. 
As a matter of fact, the present study demonstrated that (i) the prostatic stroma 
undergoes marked changes with respect to cellular and ECM organization, (ii) epithelial 





gelatinase activity, (iii) at least part of the epithelial gelatinolytic activity is attributable to 
MMP-2, and (iv) there is a reduction in overall relative MMP-2 activity during 
development. Early postnatal prostate development is characterized by massive cell 
proliferation inside solid cords (Sugimura et al., 1986). Development then progresses by 
protrusion of the epithelial tips into the surrounding stroma, cell differentiation and 
canalization (Timms et al., 1994; Cardoso and Carvalho, 2006). During the course of the 
present experiments, we observed an increasing complexity of the prostate architecture, 
confirming previous findings reported for the mouse prostate (Sugimura et al., 1986b). 
The cells in the tips of epithelial cords were characterized by an irregular surface 
and numerous cell processes which might increase the cell’s capacity of interaction with the 
environment. Reticulin fiber remodeling was observed in these regions, with these fibers 
showing a specific and distinct basket-like organization. Since collagen III (the main 
component of reticular fibers) is also an MMP-2 substrate (Sternlicht and Werb, 2001), it is 
possible that MMP-2 participates in the proteolytic processing of this ECM component. 
MMP-2 was concentrated in the epithelial tips in the regions where the epithelium 
projected toward the stroma, suggesting the need for a looser ECM to permit epithelial 
growth.  
Laminin immunostaining was less intense in the epithelial tips, indicating either 
increased degradation or less deposition of this basal lamina component. Since MMP-2 and 
MMP-9 degrade laminin (Sternlicht and Werb, 2001), these enzymes might regulate the 
amount of laminin at these sites. 
There was a good correlation between gelatinolytic activity and the location of 
MMP-2, suggesting that MMP-2 is responsible for part of the gelatinolytic activity 
observed in the developing epithelium. However, since MMP-9 was demonstrated at very 
low levels, its contribution to this phenomenon seems to be low. Moreover, MMP-2 
labeling and gelatinolytic activity were detected in the proximal regions of the developing 
ducts, indicating that the canalization process results in expansion of the epithelium which 
requires the creation of spaces in the adjacent stroma. This would explain, at least in part, 





MMP-2 mainly degrades type IV collagen and other components of the basement 
membrane (Sternlicht & Werb, 2001). In the present study, MMP-2 activity was higher 
during the early postnatal period than in adult animals. It has been shown that MMP-2 is 
constitutively expressed in the prostate gland both in vivo and in vitro (Liao et al,. 2003), 
and that higher MMP-2 activity is associated with an increased Gleason’s score (Stearns & 
Wang, 1993; Stearns & Stearns, 1996). Nevertheless, a correlation between specific events 
of normal prostate development and expression of MMP-2 as reported in the present paper 
has not been described before. Moreover, cleavage by both MMP-2 and MMP-9 exposes a 
cryptic epitope within collagen IV that promotes angiogenesis (Xu et al., 2001). 
Accordingly, MMP-2 is correlated with sites of tumor angiogenesis (Kaliski et al., 2005), 
while MMP-9 is correlated with retinal angiogenesis (Hangai et al., 2002). The documented 
gelatinolytic activity may not only allow tissue remodeling but also produce angiogenic 
signals to promote angiogenesis, an event required for prostate growth (Feng et al., 1999). 
The control mechanisms of MMP-2 and MMP-9 expression differ greatly. MMP-9 
expression is highly inducible and controlled by growth factors, cytokines and other 
signals, while MMP-2 is constitutively expressed and weakly inducible. These distinctions 
are explained by differences in the gene promoters of these MMPs (Johansson et al., 1986; 
Sato et al., 1993). The MMP-9 promoter is similar to the promoters of other MMPs, while 
the MMP-2 promoter lacks binding domains for the AP-1 and ETS transcription factors 
(Westermarck et al., 1999; Björklund et al., 2005). Thus, the mechanisms that control and 
enhance the expression of MMP-2 in the rat ventral prostate during the first postnatal week 
deserve further study. 
It is possible that the control of MMP-2 expression in the developing ventral 
prostate is under androgen regulation and that it is stimulated by a peak in testosterone 
levels that occurs at birth. An in vitro study has shown a strong positive correlation 
between testosterone levels and MMP-2 expression in LNCaP and LAPC-4 (Liao et al., 
2003). Increased levels of MMP-2 and MMP-9 expression have been related to the 
progression of prostate cancer (Bok et al., 2003). Taken together, these results suggest that 
MMP-2 and MMP-9 activities are a common element in normal prostate development and 





normal growth of the epithelial structures of the mammary gland has been proposed by 
Wiseman and Werb (2002). Both processes involve the synthesis and degradation of ECM 
components, in addition to a high proliferation rate. A similar proposal has been set forward 
by Kheradmand et al. (2002) who compared the properties of tumor invasion and normal 
growth in the lung. It seems also to be true for angiogenesis (Feng et al., 1999), when the 
basement membrane is degraded and substituted with a provisory fibrin matrix in which the 
endothelial cells proliferate and from where they invade the adjacent tissue. 
In conclusion, we suggest that the process of cell proliferation, ductal branching and 
epithelial invasion into the stroma is correlated with the localized proteolytic activity of 
MMP-2 and MMP-9. 
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Legends of  the  figures 
 
Figure 1. Light microscopic aspects of hematoxylin/eosin-stained sections of the rat ventral 
prostate during the first postnatal week. A. Structure of the rat ventral prostate on day 0. 
The compact epithelial cords appear to be surrounded by undifferentiated stromal cells, 
which are densely distributed in the stroma. B. Structure of the rat ventral prostate on day 1. 
The epithelial cord branches and grows toward the stroma. The arrows indicate the 
epithelial tips as they project into the stroma. The surrounding stromal cells (arrowhead) 
adopt a layered organization. C. Structure of the rat ventral prostate on day 3. The stroma 
(arrowhead) surrounding the epithelium is more organized and contains smooth muscle 
cells. Budding epithelial cells (arrow) exhibit variable phenotypes. D. Structure of the rat 
ventral prostate on day 6. The epithelial structures consist of a single cell layer around a 
well-defined lumen. The surrounding stromal cells (arrowhead) are organized into many 
cell layers. Ep = epithelium; s = stroma. Scale bars = 10 µm. 
 
Figure 2. Light microscopic aspects of the rat ventral prostate after Gomori’s silver 
impregnation and immunocytochemistry for laminin. A. Reticulin (black staining) and 
collagen fiber (gold staining) distribution on day 4. The arrow indicates thinner reticulin 
fibers around a growing tip. B. Reticulin fibers appear as a boundary between the epithelial 
structures and the stroma (arrowhead), and also in the interductal regions. Collagen fibers 
are distributed mainly in stromal interductal regions on day 6. C. Aspect of the distribution 
of reticulin fibers, which adopt a basket-like arrangement (arrows) around a growing tip. D 
and E. Details of the distribution of reticulin fibers around a growing tip (arrows) on day 6 
on two different focal planes. F and G. Immunocytochemistry for laminin. F. Laminin 
staining is concentrated around the epithelial cords (arrowhead) in the distal regions of a 6-
day-old prostate. G. Laminin staining is much fainter around the epithelial tips (arrow). EP 
= epithelium; S = stroma. Scale bars = 10 µm. 
 
Figure 3. Ultrastructural aspects of the rat ventral prostate during the first postnatal week. 





(asterisk) below the basal lamina is devoid of collagen fibrils. B. Ultrastructure of 
interductal stroma on day 0. This region is densely populated by undifferentiated stromal 
cells with a predominant rounded outline. C. Ultrastructure of the epithelium-stroma 
interface on day 2. Some collagen fibrils (col) are distinguishable in the subepithelial space 
(asterisk). A mitotic cell (arrowhead) is observed in contact with the basal lamina. D. 
Ultrastructure of the epithelium-stroma interface on day 4. The basal lamina (arrowhead) 
appears highly folded and the subepithelial space (asterisks) contains abundant collagen 
fibrils (col) with no preferred orientation. E. Ultrastructure of an epithelial tip on day 3. A 
mitotic cell is observed among other cells in the tip (arrows). The surrounding stromal cell 
layer is thin in this region. F. Ultrastructure of the epithelium-stroma interface on day 5 
showing a segment of the basal lamina which appears irregular (arrow) compared to the 
adjacent segments. G. Ultrastructure of a stromal fibroblast-like cell (sc) on day 2. H. 
Ultrastructure of a smooth muscle cell (smc) below the epithelium on day 6. I. 
Ultrastructure of the epithelium-stroma interface on day 6. The basal lamina appears 
straight and the subepithelial space (asterisk) is populated by collagen fibrils preferentially 
running parallel to the base of the epithelium. EP = epithelium; S = stroma. Scale bars: A = 
2.5 µm; B-D = 5 µm; F-H = 2 µm; I = 0.5 µm. 
 
Figure 4. A. Representative gelatin zymogram. Gelatinolytic activity of both MMP-2 and 
MMP-9 was detected in this system. The different forms of MMP-2 (latent, intermediate 
and active) are indicated. The molecular mass of each form is shown. B. Graphic plot of the 
mean relative intensity (± standard deviation) of the bands obtained for the latent (72 kDa), 
intermediate (68 kDa) and active forms (62 kDa). Significant differences in band intensity 
were observed between the different stages for all forms. (ANOVA and Tukey’s test, 
p<0.05). C. Western blotting analysis of MMP-2 in protein extracts from the prostate of 
rats at 0, 3, and 6 days of age. The intermediate and active forms of MMP-2 were detected. 
D. Western blotting analysis of MMP-9 in protein extracts from rats at 0, 3, and 6 days of 






Figure 5. A-F. In situ zymography on frozen sections of rat ventral prostate obtained on 
days 0, 3 and 6 (A and B, day 0; C and D, day 3; F and G, day 6). A green fluorescent 
signal is observed only after enzymatic cleavage of DQ gelatin. Nuclei appear blue since 
the fluorescence of propidium iodide was collected in the blue channel of the confocal 
microscope. Gelatinolytic activity was detected on all days studied and was concentrated in 
the epithelial structures (Ep). No preferred distribution of reactive cells was observed 
within the epithelial cords. The reaction in the stroma was diffuse. G-K. 
Immunocytochemistry for MMP-2 on frozen sections of rat ventral prostate obtained on 
days 0, 3 and 6 (G and H, day 0; I and J, day 3; K and L, day 6). MMP-2 was detected on 
all days analyzed in both epithelium and stroma (S). The reaction was more intense at the 
epithelium-stroma interface in the tips (arrows). Scale bars: A-F = 50 µm; G, I and K = 50 




































     Figure   2    
              
 








































       1. Há um aumento da complexidade da arquitetura histológica da próstata ventral  
durante a primeira semana de desenvolvimento pós-natal em ratos, sendo que as 
células epiteliais tornam-se diferenciadas e as estruturas epiteliais ramificam-se e 
passam a apresentar um lúmen definido; 
 
2. Tanto a diferenciação quanto a morte celular por apoptose de diferentes grupos de 
células epiteliais são concomitantes ao processo de canalização, sugerindo que os 
dois processos sejam, ao menos em parte, responsáveis por este evento; 
 
3. Além da diferenciação e morte de diferentes grupos celulares, foram também 
identificados processos de divisão celular e de secreção de macromoléculas para 
dentro lúmen em formação, que podem contribuir para a formação do lúmen; 
 
4. Há um rearranjo das células estromais e de componentes da MEC na interface 
epitélio/estroma para acomodar o epitélio em crescimento; 
 
5. Há atividade de metalloproteinases com atividade gelatinolítica, concentrada nas 
células epiteliais e na interface epitélio-estroma, durante a remodelação associada 
com o desenvolvimento prostático durante a primeira semana de vida e 
 
6. A identificação das atividades gelatinolíticas em gel e da presença das formas 
protéicas das MMP-2 e MMP-9 sugere a participação destas enzimas na dinâmica 
epitelial, em especial durante a projeção do epitélio em crescimento em direção ao 
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